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Nn'2IOEkL ADVISORY COPXITTET, FOR A Z R O K d T I C S  

INVESTIGhTION OF EFTECT OF J E T-XOT OR 

O?EF.ATION ON 8 T A 3 I L I T Y  

i3y Wallace F. Davis and El-;ertJcod H. Brown 

The e f f e c t s  of jet-:notor o p e r a t i o n  on t h e  s t a b i l i t y  m d  
c o n t r o l  c h a r a c t e r i s t i c s  of two fi :Lter-type a l r p l a n e s  as 
de te rmined  b y  wind-tunnel  t e s t s  o f  1/5-scale  mod-els are pre- 
s e n t e d .  i t  i s  fihown t h a t  the c c t i o n  sf t h e  j e t s  i s  t o  S A U . S ~  
a srnall l o s s  i n  s t i c k - f i x e d  s t a b i l i t y  which is GredicTa'sle 
f rom known t h e o r i e s .  

A j c t - p r o p u l s i o n  e-igine di.av;s c j - i r  i n t o  a coi?l,?ressor and  
d e l i v e r s  i t  t o  a chamber ilrhere t h e  nc'.dition and. c 5 a b u s t i o n  
of f u e l  r e s u l t s  i n  a h igh- temperyture  gaseous  : d x t u r e  under  
h igh  pressure. This  E i x t u r e  is t h s n  p a r t i p l l y  cxpnrded 
t h r o u g h  a gas i;urbine and i s  i ' i n c l l y  e j e c t e d  as a high- 
v e h c i t y  high-tcmpcrEture j e t ,  I,Y, ,;ener:,l, t h e  d i f f u s i o n  of 
sach E. j e t  i s  tk,e r e s u l t  of t h e  9.bsor;;i'cion sf i t s  s w r g y  by 
the sur -oundinc  f l u i G  t m o u g h  t m b d l e n t  n i x i n g .  ?he d i a n e t e r  
of the j e t  i n c r e s s e s  s loT>j ly  a t  A r.ic!xir,iu.n Gi fZus ion  ;.ngle of 
&out  7" ( r e f F r e n c e s  1 and 2 )  ,o.rib t k e  i i l c r easc  i n  cross- 
s e c t i o n a l  Rre-"L i s  x c o n 2 m i e d  kly .-- Cecrease  i n  v e l o c i t y .  If 
t h e  momaturn of t h e  s p r e a d i n g  jeT; i s  t o  r e r i a in  cons t a f l t ,  the  
d e c r e e s 2  In v e l o c i t y  rrust be ncconi>rXiCCL by z n  i n c r e a s e  i n  
rriass flow. This  i n e a s ,  of  coarse ,  tha t  p r t  o f  t h e . f l u i - 2  i n  
t h e  s u r r o u n d i n g  strscom i s  d r  '.rl in'i;o che j e t  ?.nd t h e  strean- 
l i n e s  of t h e  s t reF .3  Ere d e f l e c t e d  toward t h e  a x i s  of t h c  high- 
v e l c c i t p  j e t .  T h e o r e t i c a l  t reE, tnxnts  of t h i s  f l o w  TroSlem are  
g i v e n  i n  r e fe re r i ce  :. 

P r i o r  t o  t h e  dcveloprnent of t h e s e  Z h e o r c t i c a l  s t u d i e s ,  
t e s t s  of n.odzls of two f igh te r - tyLx  r i r p l m e s ,  one t j i th  e 
s i n g l e  j e t  motor d i s c h a r g i n g  i t s  h o t  gnses  from t h e  tai l  2nd 
t h e  o t h e r  e. twin-engine F,irplg,ric .;:ith j e t s  e x h a u s t i n g  ncc2r the 
wing r o o t s ,  were mAde i n  t h e  Nnes 7- by 10- foot  wind t u n n e l s  
t o  d e t e r n i n e  the e f f e c t s  o f  j c t  o -pc rc t ion  on s t F L , b i l i t y  ;-.rid 
c o n t r o l .  This r e p o r t  p r e s e n t s  t he  r e s u l t s  o f  t h e s e  t e s t s  w i t h  
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2. c o l d  j e t  and c o n w r e s  them w i t h  t h c  c h m g e  i n  s t r b i l i t y  
cGlcfi2.3teG f r o n  t h e o r y .  

JET-P30?UL310:T SII;ULATIOr\" 

If s c t u P 1  j e t - p r o p u l s i o n  e n 9 i n e - o p c r r t i n g  c o n d i t i o n s  w e r e  
t 5  b e  used i n  wind-tunnel  t e s t i r . ? ,  c? j e c  o f  t h e  snne o u t l e t  
v e l o c i t y  Pnd terA,yeTaturc n s  g e n c r a ~ c d  337 t h e  f u l l - s c c l e  e n g i n c  
would  be n e c c s s c r y .  The d i f f i c u l t i c s  niet i n  p r o d u c i n e  t h e s e  
c o n d i t i o n s  i n  i? wind-tunncl. model ht:vc mcl,d-c a c t u p L l  s i n u l - t i o n  
ixiprc,ct i c a l  et t h e  p r z s c n t  t i x e  , s o  t h e  fo l lowiKg ,-..gE;roxir..ate 
imthod has been  deucloped .  

I f  i t  i s  c?ssunc,d t h n t  j e t  o p e r c t l o n  n o t  n f f e c t  t h e  
e x t e r n c l  drc?c of the  cng ine  houF-ini ;.:d r ; h t  the s t a t i c  
p r e s s u r e  ~t t h e  j e t  oL,tlet  i s  e q u n l  t o  FLt:nosp%eric pressure, 
t he  t h r d s t  of A j e t - p r o p u l s i o n  i7ril.t 7 : i l l  Sc e q u c l  t o  t h e  
r a t e  of chPr,ge i n  t h e  moot"i;tun of tiic fls.Ld emerein[; f r o 3  
t h e  j e t  o r  

wh?e r e  

T t h r u s t  f o r c e ,  pounds 

pi . c.ass f l o w  of' cir, s1ug-e p e r  scco::d 

VT v e l o c i t y  !S f l u i d  a t  j e t  cutlet, f e c t  p e r  stlcond 

?: v c l o c i t y  af f l i & k t >  f c e t  3cr  sccond 

n 

u 

KF ness  f l o : g  o f  f u e l ,  s l u g s  3 c r  S C C ~ i : ~ ?  

Thcn, d e f i n i n g  t n c  j e t  t h r u s t  c 3 e f f i c i c - t  TcJ' a s  the  t h r u s t  
d i v i d a d  by t h e  p r o d u c t  of z k c  <L;-P.::L.~c p r c s ? u r e  of the f r e e  
s t r e a a  a ( l b / s o  f t )  c.nd t!ie wiL:g a r e a  S ( S O  f t ) ,  

ana  s i n c e  
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d e n s i t y  of fluid 2-t j e t  cKt l e t ,  slugs p e r  cubic  I"rJot 

%re?. o f  J e t  o u t l e t ,  square  f e c t  

With the J e t - p r o p u l s i o n  e c g i n c c  w e 6  rt t h e  p r e s c n t  tii.1e 
will no t  be inore t k n  2 perczr i t  3f 
c o n d i t i o n s .  T h e r e f o r e ,  i f  I9iF i s  c e g l e c t e d ,  

1 4 ~  
ICA even ur,dcr extreme 

and the t h r u s t  will be sinulated. Sf t he  p r o d u c t  of the  r a t i o s  
of t h e  shove e c u s t i o n  i s  t h e  d c s i r c d  c o n e t m t .  I f  2. c o l d  j e t  
is used  i n  wind-tunnel  t e s t i n g ,  x1ie d c n s i t y  m t i o  will n o t  be 
t h e  silme e,s found m d e r  r c t u E 1  crJ:!C?itions; hQwever,  a g i v e n  
TcJ' c a n  be o b t a i n e d  b y  adjustini.; %he v,nlue of q / S .  This  
a d j u s t m e c t  wzs rnade in t h e  case  o f  t k e  r o d e l s  b y  r e d u c i n g  the 
j e t - o u t l e t  a r ea  with a strea!;;lincil :2lug. 

The c r i n c i p . 1  s o u r c e s  of error i n  u s i n ?  t h i s  ne thod  o f  
j e t  si.?ul,n.tion e r e  t h e  i n c o r r e c t  j e t  t empera tu re  and v i s c o s i t y  
and t h e  chengc i n  t h e  np.nner o f  , j e t  d i f f u s i o n  b y  the  stream- 
l i n e d  ? l u g ,  Both cf t h e s e  e r r o r s  ::ill 7. f fec t  t h e  i n f l m  about 
the j e t ,  2nd t h u s  i l o s s i b l y  t h e  stability ?.nd c o n t r o l  c h p r a c t e r -  
i s t i c s  cf 3. wind- tunnel  c o d c l ,  r - x e v e r ,  i t  i s  b e l i e v e d  t ha t  
t h e s e  e r r o r s  w i l l  be small and of sccondzry  i c p o r t a n c e .  

-- 

\ 
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APPAYATU S AND I,E THOD 

The ar rangement  of t h e  l/?-scale models of t h e  f i g h t e r  
a i r p l e m s  i n  t h e  7- by 10-foot  wii id  tunl ie1 i s  shown i n  f i g u r e s  
1 arid 2 and t h e  model d imens ions  a r e  7 , iven i n  f i g u r e s  3 and 4. 
The ; e t  was s i inu la t ed  b y  compressed 2 . h  s u p p l i e d  t o  t h e  rr;.d.el 
b y  the  ? i p i n g  a r rangement  shorn i n  f i g u r e s  1 and 2 .  T h i s  ?.ir 
passea th rough  R mercury s e ? l  t h a t  removed any r e s t r a i n t  from 
t h e  b l a n c e  systein and e r , t e r e d  the  f l o z t i i l g  frame a l o n g  the  
c e n t e r  l i n e  of r o t a t i o n  i n  yaw p e r y c d i c u l a r  t o  t h e  d r a g  ,?nd 
crosc-force-wind- axes ai?d e.long t h e  ?xis  of t h e  l i n k s  of t h e  
f r o n z - l i f t  s c a l e s .  The xiiocel pl tcheci  a.k,out cL f i x e d  v e r t i c a l  
I? ipe,  and t h e  r o t a t i o n  of  t h e  j e t  o u t l e t  cbout  t h e  ;Jivot 'c21c.S 
t a k e n  b y  f l e x i b ' l e  t u b i n g .  I n  o r d e r  t o  reCmce i n t e r f e r e n c e  
and t a r e  f o r c e s ,  t he  l e n g t h  of t h e  p i p e  that p r o j e c t e d  i n t o  
the  x ind - tunne l  e.ir s t r e a r :  was SUrl:OLli.iil.ed b y  a f a i r i n g  t h a t  
was f r e e  of the  wind-tunnel  balarice syS-tei-,l. The j e t - o u t l e t  
v e l o c i t y  was c a l c u l a t e d  ' f r , im a ~ e a ~ u r e i i ~ r ! n ' ~ s  o b t a i n e d  from a 
thermocouple and c a l i b r a t e d  o r i f i c e s  ii: t h e  p i p e  l e a d i n g  t o  
the J e t  o u t l e t ,  

The f o r c e s  due t o  j e t  opera.t ioii  were rneasured t h r o u g h  
t h e  av ; i i l ah l e  j e t - v e l o c i t y  r snge  (0  t o  1000 f t / s c c )  i n  a 
tunne l -o f f  c a l i b r 2 . t i o n .  Sir,ce on ly  ",e e f f o c t s  of t h e  change 
in f low a b o u t  t h e  model were d e s i r e d ,  t h e  T i t c h i n ?  monent sild 
t h e  r o r c e  conpoilents r e s u l t i r p  from t h e  t h r u s t  of t h e  : e t  
have beer? s u b t r a c t e d  from t h e  t e s t  r e s u l t s .  All t h e  d a t a  nave 
been  c o r r e c t e c  f o r  wind-tunnel-wal l  e f f e c t s  and t a r e s ,  

Thc method of c o n d u c t i n g  t h e  t c s t s  c o n s i s t e d  of s e t t i n g  
the o u t l e t  vcI.oci.ty of tkz j e t  a t  t k e  iij .pkEst a t t p i n a b l e  va lue  
and varyinp t h e  o u t l e t - v e l o c i t y  rc7.ti.o V T / V  b y  c!-.myinp- t h e  
d y n m i c  p r e s s u - e  i n  t h e  wind t u n n e l .  ??cis p r o c e d u r e  caused  a 
change in Ficyfiolds nuxiber ( f ron ;  7OG,OOO t o  1, jo3, GOO, based  
upon t h e  r !ea~!  2eroLynarnic chord  of t he  ;::odels t h a t  a f f e c t e d  
t h c  ae rodynac ic  c h a r a c t e r i s t i c s  of -the m o d e l s  t o  scme e x t e n t ,  
e s p e c i a l l y  when t h e  flaps vcre  d e f l e c t e d .  I n  o r d e r  t o  elirfl i-  
n a t e  this v a r i a b l e ,  j e t - o f f  dztE. were o b t a i n e d  a t  t h e  s&me 
d y n m i c  -pessv.res  2;s were t he  j e t - o n  da'cc?. Conpar i son  of t h e  
r e s u l t s  showec a n  inc . renent  i n  p i t c h i i l g  ri!oiileilt and  c o n t r o l  
h inpe  monient due t o  j e t  o p e r a t i o n .  
e f f e c t  of o u t l c  t - v e l o c i t y  r a t i o ,  it Lias been  assumc-d th2.t 
Seyno lds  nu.m:Uer h a s  a n p g ' l i g i b l e  e f f e c t  on t k s e  i i i c ramcnts ,  
and t h e y  hrve been  added t o  the  b a s f c  mol-icnt and hinge-ii;Oment 
c a r v e s  o b t s i n c d  a t  t h e  h icher  Eeynolcis number. 

I i i  o r d e r  t o  i l l u s t i - a t e  t he  

I 
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rmoke g e n e r e t o r .  The J e t  was s u p p l i e d  by compressed c?ir f r o x  
a source  o f  v a r i z b l e  p r e s s u r e  an?- i s s u e d  from a 1/16-inc? s l o t  
i n  a plenum chc?mbcr t h a t  exteiided aci-oss t h e  f low channe l ,  
Emokc was produced b y  b lowing  ar. o i l  ni ixture  t h r o u g h  2- h e a t e d  
c o i l  pnd was i n t r o d u c e d  I n t o  t h e  l o w v e l o c i t y  2.ir s t r e a n  ( 6  
t o  1 2  f t / s e c )  above t h e  j e t  o u t l e t .  Figh-speed photo&r?$hs 
were t a k e n  of t h e  smoke s t r t a i n e r s  t h rough  an  o u t l e t - v e l o c i t y  
r a t i o  r m g e  of 0 t o  8. 

The magnitude and t h e  d i r o c t i o n  of t h e  change i n  f low 
c?bout t h e  j e t  o u t l e t  o f  t h e  s i n ~ l e - e n g i n e  e i r n l f i n e  node l  were 
measured w i t h  c?. d i r e c t i o n a l  2 i t o t -  tube.  The 2.ccurP.cy of t h i s  
in s t rumen t  i n  measuring ang le s  of p i t c 3  2nd yaw i s  x i t h i n  
about  &O.25' ,  and t h e  d y n m i c  p re s su re  mcs.surements a r e  w i t h i n  
about  kl p e r c e n t .  

The change in p r e s s u r e  d i s t r i b u t i o n  on t h e  h o r i z o n t a l  
tail s u r f  ace  of t h e  s ingle-engir ie  f i g k t e r  xr:odel was s e a s u r e d  
b y  s t s . t i c  p r e s s u r e  o r i f i c e s  a t  25 p e r c e n t  and 50 p e r c e n t  g f  
t h e  e l e v a t o r  se!i,ispan on ;:n a i r f o i l  l o c a t e d  6 i c c h e s  (Rodel  
s c a l e )  cbove t h e  c e n t e r  l i n e  of t h e  j e t  o u t l e t .  

RESULTS AND D I S C U C S I O N  

Flow P a t t e r n  

S ince  t h e  h i g h - v e l o c i t y  j e t s  of b o t h  2 - i rp l anes  c o u l d  
i n f l u e n c e  t h e  f low i n  t h e  v i c i n i t y  of t h e  . t a i l  P-nd t h e r e b y  
change t h e  s t e b i l i t y ,  t e s t s  we1.e iWWde i n  n small flow ciiaiinel 
t o  s t u d y  t h e  f low around t h e  j e t  with sinoke s t r e c m e r s .  F i g u r e  
5 shows photographs  of t h e s e  smoke strcaners. These s t u d i e s  
ind icc : . t e  t h a t  t k e  s t r e a m l i n e s  c u m e  toward t h e  j e t  as t h e  
o u t l e t - v e l o c i t y  r a t i o  i s  incrc?,scc? i?ild t h a t  t h e  g r e a t e s t  change 
i n  s t r e a m  d i r s c t i o n  i s  i lear  t h e  j e t  o u t l e t .  Measurements, with 
a d i r e c t i o n a l  y i t o t  t u b e ,  of t h e  mzgnitude of t h e  flow-angle 
,cl?~.nges.  ?.bout t h e  j e t  of t h e  s ing le-engine  a i r p l a n e  model are 
n o t  of s u f f i c i e n t  accuracy t o  d-etermiiie a b s o l u t e  v a l u e s ,  s i n c e  
the v&ric7..tion i s  of the s m e  msgnitv.de as t h e  a c c u r a c y  o f  t h e  
i n s t r u m e n t .  Ho:rever, t h e  d a t a  of f i g u r e  6 do show t h e t  t h e  
change i n  stre?.r,i d i r e c t i o n  i n  t h e  r e g i o n  of t h e  h o r i z o n t d  
s u r f a c e  i s  s m a l i .  (less than  1'). IL'o m e a s w a b l e  change i n  the '' 

v e l o c i t y  of t h c  strcarr. a t  t h e  tail was n o t i c e d .  

Change i n  Tail- Load 

The f low i n c l i n a t i o n  ceused  b y  t h e  J e t  p roduced  a n  
i n c r e a s e  i n  t h e  download on t h e  h o v i z o n t a l  t a i l  of the 
s i n g l e - e n g i n e  a i r p l e n e  model beesruse of an i n c r e a s e  i n  
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downwFsh. ar ,gle Fnd r'i change i n  t h e  e f f e c t i v e  c m b e r  of t h e  
z - i r f o i l  s e c t  i o n .  Measurements of t h e  ; J r e s s u r e - c o e f f i c i e n t  
( ?  = O F / ? )  d i s t r i b u t i o n  show t h a t  t l x  j e t  causes  e u e c r e a s e '  
ir! t h e  : ; ressure  on t h e  lower s u r f a c e  that  i n c r e a s e s  wi th  j e t  
t k r u s t  c o c f f i c l c n t  (Tcj' ) ?.nd d c c r z F s e s  ir:ith d i s t a n c e  froc,  t i le  
c e n t e r  l i n e  of t h e  j e t .  ( S e e  f i g .  7.) The change i n  prescur: 
c o e f f i c i c n t  i s  small, b e i n g  equal  t o  a b o u t  0.15 a t  2 5  p e r c e n t  
of 7;hc s e r i s p a n  of t h e  h o r i z o n t a l  ;:.I1 f o r  an  ou . t l c t -vc loc i tY  
r a t i o  zf 1 2 .  

A dec reFse  i n  i l r e s su re  011 t h e  lcmjcr s u r f a c e  of  t h e  ho r i -  
i o n t a l  t a i l  c:iuses a more I Jos i t i ve  -) i tching-inoaent  coef f  i c i c n t  
Tbe=?.surer.;ent s of t h e  p i t c h i n g  noinent \ , i i i t h  'ihe same h o r i z o n t a l  
t e i l  ZE was used  f o r  t h e  ~ r e s s u r ~ - d i s t r i ' o u t i o n  t e s t s  showec? a 
p o s i t i v e  s h i f t  of t h c  p i t c h i n g - ~ o ~ e i ~ ~ - c o e f l i c i e n t  cu rve  of 
abou t  O,C3 a t  ai? o u t l e t - v e l o c i t y  rr1:tio of  .12. 
p i t c h i n g  moment of  t h e  x o d e l  w i thou t  c: t a i l  WGS n o t  a f f c c t c d  
by J e t  o p e r a t i o n ,  t h i s  ckiz.ngSe i n  Ci;, ~ . g ~ . e c d  wi%h t h a t  
p r e d i c t e d  b:: t h c  p r e s s u r e  mCz.SUrei ;Ei l 'LG , 

Since  the  

f 

Cnr.nge i n  L o n g i t u d i n z l  E t c j i l i t y  

For  t h e  s ing le-engine  rriodel , Ii;ilI.'t,o.rS.'-reted-power opere- 
t i o n  of t h e  j e t - p r o p u l s i o n  t n g i n e  of -thc a i rp l3 .ne  i s  
c h a r ? . c t e r i z e d  by the  v a r i a t i o n  of ti?rs.st c o e f f i c l c n t  
and o u t l e t - v e l o c i t y  r a t i o  V j / V  with s - x e d  t h a t  i s  shown 
i n  f i::ure 8 .  Thc: v z . r i a t i o n s  of pftching-moment :ins!. e l ; .vator  
hinpe-moment c o c f f i c . i e n t  s r z s u l t i n p  fror: op=irp.tion of t h e  
j e t  c?rc shown i n  f i p x c  5, 10,  r.nd 11, FroiT: t h e s e  d,-.ta, 
t h e  e f f e c t  * o f  j e t  o p e r a t i o n  upon a i  g000-pound sing'le-cn@.ne 
a i r p b n c  f l y i n g  a t  sea l e v c l  hzs  ber i l  c o r q a t e d  s n d  i s  
sumzarizcd i n  t h e  f o l l o v i n s  t a b l e :  

T c J t  



7 

e l e v a t o r  h inge  mornents. The measured and est imz, ted changes 
i n  s t i ck - f  i x e d  s t a b i l i t y  f o r  t he  twin-engine a i r p l a n e  gre 
g i v e n  i n  the f o l l o w i n g  t a b l e :  

i4easured change i 2  h s t i c s t e d  ch=?i?ge i n  
Cond i t ion  s t i c k - f  i x e d  n e u t r d  n e u t r e l  p o i n t  l o c a t i o n  

( f rom r e f e r e n c e  3)  
-7. 

p o i n t  l o c a t  ioi1 - 
F k p s  r e t r a c t e d  3 p e r c e n t  i , i . i l ,C. 4 . 2  p e r c e n t  2i.A.C. 

F l a p s  d e f l e c t e d  4 p e r c e n t  14.A.C. 

From t h e s e  data  i t  i s  conclude& t h ~ , c  t h e  e f f e c t s  of j e t  oper- 
a t i o n  on t h e  s t i c k - f i x e d  s t a b i l i t y  ,",re sriiall and may be 
p r e d i c t e d  w i t h  r e a s o n a b l e  accu racy  fYo3  .known t h e o r i e s  

' The e f f e c t s  of j e t  o p e r a t i o n  on t h e  e l e v a t o r  h inge  
nocen t s  of t h e  s ing le -eng ine  c?irplAae r e s u l t  i n  a n  i n c r e r s e  
i n  s t i c k - f r e e  s t a b i l i t y  because of' t h e  i n c r e a s e  i n  c b .  
C a l c u l e t e d  s t i c k - f r e e  neu t r a l -po in t '  s h i f t s  of 30 p e r c e n t  
f o r  t h i s  c o n d i t i o n  a r e  n o t  of s ign i f i cF .nce ,  however, s i n c e  t h e  
f o r c e  v m i a t i o n  wi th  speed  i s  v e r y  s l i g h t l y  i n c r e a s e d .  For  
t h e  twin-engine a i r p l a n e  t h e  e f f e c t  of  j e t  o p e r a t i o n  on t h e  
hinge-moment c h a r a c t e r i s t i c s  i s  n e g l i g i b l e ,  i n s o f  EX' as changes 
i n  s t i c k - f r e e  s t a b i l i t y  a r e  concerned.  

Dire c t i o n a l  S 4 k b  il i t y 

T e s t s  of t h e  d i r e c t i o n a l  s t a b i l i t y  with j e t s  o p e r a t i n g  
show n e g l i g i b l e  changes in s t a b i l i t y  and t r i m .  

It i s  concluded t h a t  t h e  e f f e c t s  of  j e t  o p e r a t i o n  on t h e  
s tc? .bi l i ty  c h a r a c t e r i s t i c s  of FA.rp12vi?es s<.:nl l.er t o  t h o s e  f o r  
which model t e s t s  were rmde will be S1:ial.l p r m i d e d  t h e  j e t  
does  n o t  impinge on t h e  t a i l .  The s - t s k i l i t y  chznges c2-n be 
p r e d i c t e d  w i t h  r e a s o n a b l e  accu racy  froin known t h e o r i e s .  It 
i s  p o s s i b l e  that f o r  c e r t a i n  l o c a t i o n s  of t h e  t a i l  p l a n e  
r e l a t i v e  t o  t h e  j e t ,  s t a b i l i t y  chailges a p p r e c i a b l y  g r e a t e r  
t h a n  t h o s e  found f o r  t h e  models of t h i s  r e p o r t  may be 

_ .  



exp:ricnced. Study o f  t h e  theo re t i cz .1  t s c a t i s e s  will show 
regior ,s  of lrrp. f l o w  a n g l e s  which should. be zvo idcd  i n  
f i x i n g  t n c  p o s i t i o n  of  t h e  t a i l .  : 

J 
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